Abstract-Pipes with supported ends conveying pulsating fluid may lose the dynamic stability due to parametric instability, therefore the piezoelectric actuators are taken as the control actuators here for controlling vibration of pipeline. First, the controlled mathematical models of pipes conveying fluid were established. Second, model reference adaptive control (MRAC) system and MRAC system based on adapti ve gain of the PD were designed. Third, the effects of controllers were verified and the effects of the control parameters on the controllers were analyzed also. During simulation, the time of vibration displacement decaying to zero, also the time and total energy of control input were taken as evaluation indexes. The results of numerical simulation showed that the pipeline vibration could be controlled well by the controllers which were designed by adapti ve control strategy.
INTRODUCTION
Pipes conveying fluid have been widely used in many fields of industry. Considering the fluid is pulsatile, pipeline system may lose the stability by parametric resonances, which the pipeline vibration is continuous and the displacement is very large. Because dynamics of pipes conveying fluid are typical nonlinear dynamic behaviours, how to reduce vibration of pipeline has remained one of intense interest to researchers in this field nowadays. At present, the main control methods are PID control, independent modal space control (IMSC) [1, 2] , linear quadratic optimal control (LQOC) [3] , adaptive control [4, 5] , robust control [6] and fu zzy control [7] , etc.
II.
MODEL OF CONTROLLED PIPELINE SYSTEM The pinned-pinned pipe is taken as an example , the model of controlled system is shown in fig.1 . x and y stand for vertical and horizontal displacement, respectively. K and G are equivalent linear and shear stiffness of the foundation, respectively. U, R and L mean average velocity, outside diameter and length of the pipe, respectively. a  and b  are the locations of the actuators . h and  are the thickness and half envelop angle of the actuators, respectively.
FIGURE I. THE MODEL OF CONT ROLLED SYSTEM
Adaptive control
where M and m stand for mass per unit lengths of the fluid and pipe, respectively. A and A are the cross sectional areas of the fluid and p ipe, respectively.
T is the axial force o f the cross section in the bottom of the pipe.
P is the hydrodynamic force per unit area of cross sectional in the endpoints of the pipe.
v is the Poisson's ratio of the pipe.  is the function of Dirac delta.
In order to avoid the influence of parameters ' units, some parameters are introduced to quantified the equation ( 
Meanwhile, the Galerkin method is used for solving the motion equation 
III. RESEARCH FOR T HE ADAPTIVE CONTROL ALGORITHMS
A. Model of Reference Adaptive Control MRAC system only needs to establish suitable reference model, the model of M RAC system is shown in fig. 2 . The MRAC system is mainly co mposed of reference model, controllable system and adaptive control controller.
The error vector could be expressed as 
B. Model of Reference Adaptive Control Based on Adaptive
Gain of the PD Traditional PID controller has many advantages, e.g. the construction of the controller is simple, and controlling parameters are easy for regulating, but it is difficult for PID controller to satisfy the requirement of real-t ime control for pipeline system. Also, the MRA C system is only applied to the situation that variables of the system are measurable, which is not reality for industrial applications. Thus, in order to solve the problem, several linear parts of the equation need be decoupled, and then according to the parametric resonances of the system, the MRAC system based on adaptive gain of the PD was designed. The model of the system is similar to the MRAC system. After decoupling, the equations(9) could be expressed as fig. 4 were simu lation results of the adaptive controllers for pipes with supported ends, when the first order parameter resonance of the pipeline system happened. We could draw a rough conclusion from the figures that the vibration displacements could be decayed to zero in few seconds by the controllers. Because the lengths and locations of the actuators have great influence on the controller, in order to get better control results, the effects of controller parameters on the controllers must be analysed.
The pinned-pinned pipe was taken as the example, the influences of the lengths and locations of the MRAC controllers for control results were shown in fig. 5 . We could observe from the figures as below, when the lengths of the actuators were 0.3 and the actuators were located at the midpoint of the pipeline, the displacements of the system were the smallest. Simulation results show that the control effects of the controller were the best. The influences of the lengths and locations of the MRAC controllers based on the adaptive gain of the PD on the control effects were shown in fig. 6 . We could draw similar conclusions from the figures as below. V. CONCLUSIONS The differential equation of motion for pipes with supported ends has been established. In response to the phenomenon that pipeline system may lose stability due to parametric resonances, the MRAC system and the MRAC system based on the adaptive gain of the PD were designed. The following conclusions could be drawn as following:
First, the vibration displacements of pipes with supported ends can be decayed in short time by the adaptive controllers.
Second, in order to get the best control effects, the lengths and locations of the actuators must be optimized.
Third, co mpared with the MRAC system and the MRAC system based on the adaptive gain of the PD, the latter can be realized easier than the former in practical applications.
